Introduction
Electron loss spectroscopy (ELS) with primary electron energy of .50-200 eV has become increasingly popular as a tool for studying surface electronic transitions and collective excitations.
The high surface sensitivity of ELS is the result of the short mean free paths of electrons in solids, which are typically :$10 .a for 100 eV electrons. Recently, this technique was applied to the study of intrinsic electronic surface states in silicon and of states induced by hydrogen and oxygen adsorption. (l, 2 , 3 )
By combining ELS data with experimental results obtained by ultraviolet photoelectron spectroscopy (UPS), information on both the initial occupied and final empty electronic. states can be obtained. ( 3 , 4 ) In. addition, by studying excitations from well-defined core levels, final empty states can also be probed by ELS. (5, 6 ) In this paper, we present results of ELS studies of: (1)_ acetylene and (2) oxygen adsorption on silicon crystal faces of ( 111) orientation which exhibit the (7x7) surface structure or were disordered by ion bombardment using primary electron energies of -100 eV. This constitutes the first energy-loss spectroscopic study of organic molecules adsorbed on silicon surfaces. Based on the experimental data, we put forward a model of acetyler:e orientation on the silicon (111) ordered surface.
Experimental Techniques
The adsorption experiments were performed ins.ide an ion-pwnped stainless steel vacuum system capable of a 'base pressure of less than 1 x 10-9 Torr.
The system is equipped.with LEED electron optics, ion bombardment gun, and a quadrupole mass spectrometer. A double-pass cylindrical mirror analyser This gave a disordered surface.
Annealing at 800°C for about 30.mins resulted in the formation of the (7x7) structure as detected by LEED.
Acetylene (resp. oxygen) was introduced into the system through a leak valve and the coverage was determined by observing the ratio of the carbon (resp. oxygen) Auger signal to that of silicon as a function of -4exposure.
We will subsequently call the saturation coverage to be 8 = 1, although this may correspond to different numbers of gas molecules per silicon atom on the ordered and disordered surfaces, as discussed below.
Results and Discussion

A. The Clean Surfaces
The energy loss spectrum for the clean, ordered Si ( 111 )-( 7X7) surface is shown in the topmost curve of Fig. 1 . This is identical to that of (1) Rowe The spectrum from the disordered surface shows a weak shoulder slightly above the surface plasmon peak. This peak disappears on annealing and/or prolonged exposure to ultrahigh vacuum (-30 min in 5 x 10-9 Torr). This behaviour suggests that it is a surface-related transition, and from its transition energy of 11.6 eV, this energy loss peak probably arises from back-bonding state transitions. (i) B.
Effect of Acetylene Exposure on the Ordered and Disordered Silicon
Surfaces
On the Si(ll1)-(7x7) surface, exposure at room temperature to acetylene causes attenuation of peaks due to bulk and surface transitions, except for the 82 transitionwhich becomes stronger with increasing acetylene coverage.
( Fig. 1 ).
The rate of attenuation of other surface-related peaks; viz.
-, / -5-S1 and S3, as a function of exposure is small. In fact, after 2000 L (lL = 10-6 Torr-sec) of acetylene exposure, a weak S1 peak still remains.
Above 8 = 0.5, the E1 transition at 3.2 eV is dominated by a growing neighboring ac~tylene-related peak at 3. This interpretation is further substantiated by our preliminary data on oxygen desorption from silicon surfaces (Fig. 4) .
The surface was first saturated by a monolayer of oxygen and then· heated to 750°C. The oxygen concentration on the surface was then monitored by Auger electron spectroscopy as a function of time.
As can be seen from Fig. 4 , oxygen is removed faster from the ordered surface than from the disordered surface, -8which is indicative of the stronger binding force on the lntter surface.
No attempt was made to estimate the difference between the desorption energies on the two surfaces, because at 750°C, oxygen desorpt1 on is accompanied by partial reconstruction on the disordered surface, which would undoubtedly alter the silicon-oxygen binding.
Conclusions
We have used electron loss spectroscopy, (ELS), to study and compare chemisorption processes occurring on both ordered and disordere~ silicon surfaces of (lll) orientation.
These studies indicate that the adsorption of acetylene on the Si(lll)-(7x7) surface takes place on preferred sites, arising mainly as a result of the overlap between the silicon surface dangling bond orbitals.and then orbitals of the C2H2 molecules. To explain the ELS and Auger data, we propose that on the ordered silicon surface with the (7x7) structure, the acetylene molecule predominantly sits between two silicon atoms in a bridge position. It would be of importance to verif'y the relationship between chemical bonding and electronic surface states. UPS studies of the bonding of these same adsorbates on the same silicon surfaces would also be necessary to provide additional information to establish this correlation. 
